Introduction
The eye disorder associated with Graves' disease, called Graves' ophthalmopathy (GO) or "thyroid-associated ophthalmopathy", greatly reduces the quality of life in affected patients 1, 2 and can lead to eye muscle damage and loss of sight. Mild eye signs are also present in approximately 25% of patients with Hashimoto's thyroiditis (HT), 3, 4 mainly manifesting as upper eyelid disease (retraction), and in a small proportion of submit your manuscript | www.dovepress.com
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lahooti et al patients, with transient (subacute and silent) thyroiditis. 5 Graves' disease runs in families and is a multifactorial disorder that probably includes a genetic susceptibility 6, 7 and some subsequent external (environmental) stimulus such as infection, stress, pregnancy, or trauma. The pathogenesis of the GO 8 and the mechanism for its link to Graves' hyperthyroidism (GH), and the more common HT, is poorly understood. 4, [9] [10] [11] Our current research is focused on identifying a genetic marker for this unique association and has addressed the possible role of autoimmunity against the calcium-binding protein calsequestrin (CASQ1) in the pathogenesis of the eye muscle component of GO. We have shown that antibodies against CASQ1 are closely associated with eye muscle damage in patients with GO and appear to be markers for Nunery type 2 ophthalmopathy (ie, with eye muscle involvement). [12] [13] [14] [15] [16] CASQ1 antibodies are also frequently found in patients with the inflammation of the levator palpebrae superioris muscle that is commonly associated with HT. 17 While we have demonstrated that antibodies against CASQ1 are good markers of the eye muscle component of ophthalmopathy, they are not specific to GO, being detected in approximately 10% of apparently normal subjects and in some patients with other forms of skeletal muscle damage or inflammation. [18] [19] [20] CASQ1 is found in abundance in skeletal muscles, while its isoform, cardiac calsequestrin (CASQ2), is found in heart muscle and, to a lesser degree, skeletal muscle. CASQ1 is expressed 4.7 times more in fast twitch fibers in the extraocular muscles than in other skeletal muscles, 21 providing a possible mechanism for the localization of a muscle reaction in the orbit in Graves' disease. Earlier studies from our laboratory showed that the CASQ2 gene was the most upregulated in thyroid tissue from patients with GO compared with those with no eye signs (odds ratio =2.3). 22 We showed that the CASQ1 gene was upregulated (odds ratio =4.1) in the thyroid tissues from patients with GO compared with those patients without eye disease. 22 Previously, we studied rs3838216 in patients with thyroid disorders and showed its association with GO and HT. 23 Here, we studied three additional informative SNPs in the CASQ1 gene; results show that these rs74123279 and rs2275703 polymorphisms are conceivably genetic markers associated with GO and HT. We showed that CASQ1 protein levels from thyroid tissue extracts of patients having rs74123279 and rs2275703 were reduced in both groups of patients with Graves' disease compared with normal thyroid tissues.
Material and methods
Clinical subjects
A comprehensive demographic, clinical details and genotypes of SNPs rs74123279, rs3747623, and rs2275703 for patients with GO, GH, HT, and control subjects without autoimmune diseases are summarized in Table 1 . Participants were recruited from outpatients' clinic at Nepean and Royal North Shore Hospitals in New South Wales and Sir Charles Gairdner hospital in Western Australia. Previous treatments for hyperthyroidism (with particular reference to radioactive iodine therapy), sex distribution of patients with Graves' disease with or without GO, presence or absence of other autoimmune diseases, and presence or absence of ethnic differences in the different groups of patients are shown in Table 1 . Patients' recruitment criteria are described by Walsh et al (2011) . 24 The ophthalmopathy was assessed as 1) Nunery type 1 (without restrictive myopathy) or type 2 (with restrictive myopathy), 14 2) a modified Clinical Activity Score (CAS) (0-12) of Mourits et al 25 which is a measure of disease activity, 3) Werner's NOSPECS classes 26 and a NOSPECS score (0-18) derived from scores of 0-3 for each of the main features namely, inflammatory changes, upper eyelid retraction, ocular myopathy, proptosis, corneal involvement, and optic nerve compression, and 4) upper eyelid marginreflex distance, which is the distance between the center of the papillary light reflex and the upper eyelid margin with the eye in primary gaze, as a measure of eyelid retraction; an margin-reflex distance of .5 mm is taken as significant upper eyelid retraction. The degree of proptosis (mm) was measured using a Hertel exophthalmometer, where a positive reading was defined as .18 mm in either eye or .2 mm difference between the eyes. For the purpose of the study, "ophthalmopathy" was taken as a NOSPECS class $2, regardless of the CAS. 
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CASQ1 gene as a risk factor for gO and hT Ethical Committee approval was received for the study and informed consent of participating subjects was obtained.
Methods
MassARRAY SNP analysis using iPLEX technology of SEQUENOM (Agena Bioscience, San Diego, CA, USA) has been described in detail in a previous publication of this laboratory. 22 Briefly, genomic DNA were extracted from leucocytes of 300 patients and 106 control subjects, dried in a 96-well microtiter plate for MassARRAY SNP analysis using iPLEX technology of SEQUENOM, tested by Australian Genome Research Facility. All reactions for the iPLEX assay are terminated after a single-base primer extension reactions coupled with MALDI-TOF MS used for multiplexed genotyping of CASQ1 SNPs. Characteristics of four informative polymorphisms identified in CASQ1 gene are summarized in Table 2 . Detailed quantitative Western blot method has been described in previous publication 27 and detailed enzyme-linked immunosorbent assay have been described in previous publications by this laboratory 12, 14, 18, 19 and is standard.
statistical analyses
Genotype and allelic frequencies of the CASQ1 SNP rs74123279, rs3838216, rs3747763, and rs2275703 in 
Notes: no change in amino acid sequence or its position is indicated with "-". Forward or plus (+) strand of Dna 5′----3′ is indicated with "+". Abbreviations: CASQ1, calsequestrin; snP, single-nucleotide polymorphism.
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lahooti et al patients with GH, GO, HT, and control subjects were compared using chi-square test or Fisher's exact test following Hardy-Weinberg equilibrium. Differences in CASQ1 protein concentrations between patient groups, correlations between levels of the CASQ1 protein and parameters of the eye disease, and the presence of the genomic polymorphism rs74123279 and CASQ1 antibody titers, in the three groups, were analyzed using the Mann-Whitney test of GraphPad Prism Version 3.03 (San Diego, CA, USA). P-value of ,0.05 was taken as significant in all assessments.
Results
In previous publication, 23 we analyzed rs3838216 SNP, across the three genotypes for GO, GH, HT, and control groups, which showed significant probabilities (*P=0.042).
In the present study, we analyzed informative SNPs rs74123279, rs3747673, and rs2275703 across the three genotypes for GO, GH, HT, and control groups. rs74123279 (Table 3) failed to reach significant probability (P=0.06), and the other two SNPs rs3747673 in intron 2 and rs2275703 in intron 4 showed no significant probabilities. rs74123279 SNP is in promoter region of CASQ1 gene, and the change in nucleotide is from G . A; therefore, genotypes are wild type (GG), heterozygote (GA), and rare homozygote (AA). rs3747673 is in intron 2 of CASQ1 gene, and the change in nucleotide is from C . T; therefore, genotypes are wild type (CC), heterozygote (CT), and rare homozygote (TT). rs2275703 is in intron 4 of CASQ1 gene, and the change in nucleotide is from A . C; therefore, genotypes are wild type (AA), heterozygote (AC), and rare homozygote (CC).
Major allele frequencies for patients and control group shown in Table 3 for rs74123279, rs3747673, and rs2275703 were 79%, 60%, and 56%, respectively, and minor allele frequencies for these SNPs were 21%, 40% and 44%, respectively, and were in Hardy-Weinberg equilibrium. Multiple comparison of alleles frequency for rs74123279, rs3838216, rs3747763, and rs2275703 in the GO, GH, HT, and control groups showed P=0.36, **0.008, 0.66, and *0.05, respectively (Table 4 ). Pairwise analysis of alleles frequency distribution in GO versus control groups (Table 5) for rs74123279 showed odds ratio =1.51, 95% confidence interval =0.898-2.55, P=0.117 and for rs2275703 showed significant probability, odds ratio =1.77, 95% confidence interval =1.15-2.71, **P=0.008, and for rs3747673, there was no significant probabilities in alleles distribution ( Table 5 ).
The differences in alleles frequencies observed for four polymorphism were confirmed by genotypes probabilities To test for functional significance of rs74123279, we measured CASQ1 protein concentration in thyroid tissues from 19 patients with GH, 9 with GO, and 22 control subjects with nodular goiter or cancer. All these patients and control had rs74123279 polymorphism. Results are summarized in Figure 1A , which shows the mean ± SE (Control =145.6±26.5 pmol/mg, GO =81.4±43.9 pmol/mg, and GH =61.56±18.3 pmol/mg protein) concentrations of the CASQ1 protein in patients and control subject. The mean concentration of CASQ1 was significantly reduced in patients with GO and GH (Mann-Whitney test: *P=0.047 and *P=0.013, respectively) compared with the control subjects. Next, we compared serum levels of CASQ1 antibodies' titers in 8 patients with GO and 20 patients with GH with 19 control subjects; rs74123279 polymorphism is present in both patients and controls. Results in Figure 1B show mean ± SE (Control =499.2±49.7, GO =370.9±128.8, and GH =305.1± 45.6) antibody titers in patients and control subjects. The mean serum CASQ1 antibodies' titers were significantly reduced in patients with GH (*P=0.011) but failed to reach statistical significance in patients with GO (P=0.084).
When we compared the CASQ1 protein level in thyroid tissues from patients with GO and GH having wild-type genotype of rs74123279 polymorphism with CASQ1 protein level in normal control thyroid tissues having the rs74123279 wild-type genotype polymorphism, we found reduction in thyroid tissues CASQ1 protein level correlated with the wild-type genotype of rs74123279 polymorphism in the CASQ1 gene (Figure 2 , Mann-Whitney test for GO versus control, **P=0.0023, and for GH versus control, *P=0.024). When we compared the serum CASQ1 The functional significance of rs2275703 was also studied by measuring CASQ1 protein concentration in thyroid tissues from 21 patients with GH and 9 with GO and in 22 control subjects with nodular goiter or cancer. All these patients and control had rs2275703 polymorphism. Results are summarized in Figure 4A showing mean concentration of CASQ1 protein was significantly reduced in patients with GH 
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CASQ1 gene as a risk factor for gO and hT (Mann-Whitney test: **P=0.007) compared with the control subjects. Figure 4B showed mean serum CASQ1 antibodies' titers were significantly reduced in patients with GO (*P=0.019) and in patients with GH (**P=0.003). Figure  5 shows correlation between mean (± SE) CASQ1 protein levels and heterozygote rs2275703 genotypes polymorphism of the CASQ1 gene in patients with GO (Mann-Whitney test: *P=0.050), and in GH, this correlation was significant with homozygote genotypes (Mann-Whitney test: *P=0.031) but not significant for wild-type homozygote genotypes. Figure 6 Figure 2 Correlation between mean (± se) CasQ1 protein levels and snP rs74123279 genotype of the CASQ1 gene in patients with gO, gh, which were significant (Mann-Whitney test: **P=0.0023 and *P=0.023) for wild-type homozygote genotypes, respectively, but not for the heterozygote genotypes (Mann-Whitney test: P=ns). Abbreviations: se, standard error; CasQ1, calsequestrin; snP, single-nucleotide polymorphism; gO, graves' ophthalmopathy; gh, graves' hyperthyroidism; ns, not significant.
Figure 3
Correlation between mean (± se) CasQ1 antibody titer and snP rs74123279 genotype of the CASQ1 gene in patients with gO, gh, which were significant (Mann-Whitney test: *P=0.023 and *P=0.030) for the wild-type homozygote genotypes, respectively, but not for the heterozygote genotypes (Mann-Whitney test: P=ns). Abbreviations: se, standard error; CasQ1, calsequestrin; snP, single-nucleotide polymorphism; gO, graves' ophthalmopathy; gh, graves' hyperthyroidism; ns, not significant; OD, optical density.
Figure 4
Concentrations of the CasQ1 protein and serum levels of CasQ1 antibodies titers. Notes: (A) Mean ± se (control =166.3±31.8, gO =91.8±42.9, and gh =66.0±17.0 pmol/mg protein) concentrations of the CasQ1 protein in patients and control subject; rs2275703 polymorphism is present in both patients and controls. The mean concentration of CASQ1 was significantly reduced in patients with GH (Mann-Whitney test: **P=0.007) compared with the control subjects. (B) Comparing serum levels of CasQ1 antibodies titers in nine patients with gO and 21 patients with gh with 18 control subjects; rs2275703 polymorphism is present in both patients and controls. Mean ± se (control =496.4±37.1, gO =346.5±116.2, and gh =297.6±44.3) antibody titers in patients and control subjects. The mean serum CASQ1 antibodies titers was significantly reduced in patients with GO (*P=0.019) and also significantly reduced in patients with GH (**P=0.003). Abbreviations: se, standard error; gO, graves' ophthalmopathy; gh, graves' hyperthyroidism; CasQ1, calsequestrin; OD, optical density.
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lahooti et al shows significant correlation between mean (± SE) CASQ1 antibody titer and wild-type rs2275703 homozygote genotypes, in patients with GH (Mann-Whitney test: *P=0.028), but not for the heterozygote or rare homozygote genotypes.
Discussion
The tentative hypothesis for the development of thyroid ophthalmopathy postulate involvement of antibodies against thyroid-stimulating hormone (TSH)-R that causes fibroblast inflammation, which leads to muscle fiber damage, release of CASQ1 protein, and progression of autoimmunity in those patients with thyroid illnesses that have genetic susceptibility. GO is a complex disease; recent studies have shown a plethora of genes identified to be as risk factors for the development of disease. Many of the genes/loci that are unique to GO and HT identified through small-scale case-controlled association studies were poorly characterized and underpowered.
To characterize patients in this cohort having autoimmune thyroid disease, we included data for various established risk factors such as ethnicity, family history of thyroid disorders, sex differences, other immune disorders, Free T4, Free T3, thyroid receptors antibodies, thyroid peroxidase, thyroglobulin antibodies, drugs treatment, radiation therapy, and surgical interventions. 28 In a previous publication, 23 we analyzed rs3838216 SNP, across the three genotypes for GO, GH, HT, and control groups, which showed significant probabilities. We showed for first time rs3838216 SNP in the CASQ1 gene at both alleles and genotypic levels is associated with GO and HT but not with GH. Our data showed odds ratio as comparable with other genes suggested to be involved in Graves' disease 23 and equal to those for HLA, thyroid-stimulating receptor, and thyroglobulin gene odds ratio. 29 Here, we further analyzed the other three SNPs namely rs74123279, rs3747673, and rs2275703 across the three genotypes for GO, GH, HT, and control groups. rs74123279 SNP is in promoter region of CASQ1 gene, and the change in nucleotide is from G . A; therefore, genotypes are wild-type homozygous (GG), heterozygote (GA), and rare homozygote (AA). This sequence gagcctgggg in promoter region represent YY1 transcription factor binding site, and change of nucleotide from G . A (gagcctggAg) results in loss of YY1 transcription factor binding site (http:// www.gene-regulation.com/pub/programs/alibaba2/index. html). YY1 is a ubiquitously distributed transcription factor belonging to the GLI-Kruppel class of zinc finger proteins. The protein is involved in repressing and activating a diverse number of promoters. YY1 may direct histone deacetylases and histone acetyltransferases to a promoter in order to activate or repress the promoter, thus implicating histone modification in the function of YY1 (http://genome.ucsc. edu). We studied rs74123279 across the three genotypes (Table 3) , which failed to reach significant probability; however, because it has an odds ratio of 1.51, we further studied this polymorphism at the protein levels to test for 
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CASQ1 gene as a risk factor for gO and hT functional analysis. Multiple comparison of alleles frequency was significant for rs3838216 and rs2275703. Pairwise analysis of alleles frequency distribution in GO versus control (Table 5) showed high odds ratio for rs74123279 and significant probability for rs2275703. Previously, significant difference in probabilities were observed for HT versus control in heterozygote genotypes of rs3838216. 23 These differences in alleles frequency between GO and HT can be utilized for the development of a genetic test to differentiate susceptible patients with autoimmune thyroiditis who are at risk to develop ophthalmopathy. The correlation of alleles frequency with parameters of ophthalmopathy will delineate which polymorphism is involved in various established risk factors such as ethnicity, family history of thyroid disorders, sex differences, other immune disorders, Free T4, Free T3, thyroid receptors antibodies, thyroid peroxidase, thyroglobulin antibodies, drugs treatment, radiation therapy, and surgical interventions.
No significant difference in alleles frequencies observed for GH versus control subjects indicates these polymorphisms may not play a role in the development of GH. Interestingly, the significant differences in frequencies observed for HT versus control mirror that of significant differences in frequencies observed for GO versus control subjects. This phenomenon probably indicates that GO is different from that of GH and has more common characteristics with HT.
The functional significance of these polymorphisms was studied with regard to protein levels of CASQ1 in thyroid tissue extracts, and we found reduction in thyroid tissues CASQ1 protein level correlated with the wild-type genotype of rs74123279 polymorphism in the CASQ1 gene (Figure 2 ). When we correlated serum levels of CASQ1 antibodies' titers in patients with GO against their thyroid tissue CASQ1 protein concentrations, there was significant relationship between the two groups. Similar pattern of reduction in protein levels and antibody titers were observed for rs2275703 polymorphism ( Figures 4A, B , 5, and 6) with exception that reduction in proteins levels in patients with GO ( Figure 5 ) were correlated significantly to heterozygote genotype and in patients with GH to rare homozygote genotype. This pattern of reduction in protein levels is in contrast to rs7412379, which correlated to wild-type homozygous genotype.
Our future studies will focus on identifying transcriptional regulatory pathways using with and without rs74123279, polymorphisms in CASQ1 gene promoter construct, and translation control mechanisms using with and without rs3838216 in intron 1 and rs2275703 in intron 4 constructs.
Equally important is identifying microRNAs regulatory pathways affecting translation of CASQ1 gene constructs with and without rs3838216 and rs2275703 polymorphisms. These CASQ1 gene constructs will also enable us to identify medications that affect the transcriptional activities and open the way for clinical trial studies. Our focus will also be on the putative link between thyroid and orbital reactions and the role of CASQ1 protein in this link. We need to study large cohorts of patients with various phenotypes/severities of disease and correlate their clinical manifestations of thyroid eye disease components with the presence or absence of these two polymorphisms (phenotypes-genotypes studies). This will allow for the development of a genetic test to distinguish between GO and GH and HT. Replication of our results in a separate population of patients (racial and ethnic groups) and controls is required to confirm our findings.
Conclusion
Based on their evolutionary conservation and their significant prevalence, we suggest that CASQ1 gene SNPs rs3838216, rs74123279, and rs2275703 are possible genetic markers in addition to those that are already known for GO and HT. They are potentially pathogenic genetic markers for the eye muscle component of GO. We need to study large populations of patients and controls of different ethnic backgrounds to confirm the values of wild type, heterozygote, and rare homozygote of these three pathogenic CASQ1 gene polymorphisms.
